The prevalence of coronary artery disease (CAD) in patients with peripheral arterial disease (PAD) has been well de ned. However, the prevalence of PAD in hospitalized patients with CAD has not been de ned. The ankle-brachial index (ABI) is a useful non-invasive tool to screen for PAD. The aim of our study was to assess the prevalence of PAD in hospitalized patients with CAD by measuring the ABI. The study was conducted at the University of Wisconsin Hospital and Clinics inpatient Cardiovascular Medicine Service. Medically stable patients with CAD were invited to participate prior to hospital discharge. Data regarding cardiovascular risk factors, history of previous PAD, physical examination, and ABI were collected. An ABI less than or equal to 0.9 or a history of previous lower extremity vascular invention was considered to be indicative of signi cant PAD. A total of 100 patients (66 men and 34 women) were recruited. Forty patients were found to have PAD (mean ABI in nonrevascularized patients with PADˆ0.67). By measuring the ABI, 37 (25 men) were positive for PAD and three had an ABI corrected with previous revascularization. Of these patients, 21 (52.5% ) had previously documented PAD. Patients with PAD were older (pˆ0.003), had a greater smoking history (pˆ0.002), were more likely to have diabetes (pˆ0.012), hypertension (pˆ0.013) and a trend towards more dyslipidemia (pˆ0.055). In conclusion, hospitalized patients with CAD are likely to have concomitant PAD. Risk factors for PAD in this patient population include advanced age, history of smoking, diabetes, hypertension, dyslipidemia and abnormal pulse examination. Identi cation of patients with PAD by measuring the anklebrachial index is easily done.
Introduction
Atherosclerosis is a systemic process with variable expression in different vascular beds. 1 Approximately 13 million North Americans have heart disease from signi cant coronary artery disease (CAD). 2 Peripheral arterial disease (PAD ) is thought to be found in 12% of the age-adjusted population. 3, 4 The PAR TN ERS study suggested that 16% of moderate risk outpatients have both PAD and cardiovascular disease. 5 Identi cation of patients with PAD provides valuable prognostic information. Mortality is inversely related to the severity of PAD as assessed with the ankle-brachial index (ABI). The 5 year mortality rate for patients with PAD is approximately 30% , with 75% of deaths from cardiovascular causes. 1 Patients with asymptomatic PAD share the same increased mortality as those with mildly symptomatic PAD. F ew studies have evaluated for synchronous PAD in the presumably higher risk patients hospitalized for CAD . The objectives of the present study were to de ne the prevalence of PAD in hospitalized patients with CAD and assess the risk factors for concomitant PAD and CAD.
Materials and methods
The study was conducted at the University of Wisconsin Hospital inpatient cardiovascular medicine service. Medically stable patients with CAD were invited to participate prior to discharge. R ecruitment occurred over a period of 5 months (from mid N ovember 2001 through mid April 2002) as patients presented to the department. The hospital institutional review board approved the protocol.
After informed written consent, data on the patients were collected. D ata included cardiovascular risk factors, history of previous PAD (either by patient recall or by chart review) and PAD evaluation, and physical examination (body mass index 'BMI', blood pressure, heart rate, and peripheral pulses). An abnormal dorsalis pedis or posterior tibialis pulse was de ned as either being absent or reduced. F or analysis, if the patient had any pulse that was reduced or absent, they were considered to have an abnormal peripheral pulse. Hypertension was de ned as treatment for elevated blood pressure or a systolic pressure greater than or equal to 140 mmH g or diastolic greater than or equal to 90 mmH g. D yslipidemia was de ned as either treatment for dyslipidemia or an LDL-C greater than or equal to 100 mg=dl.
Each patient had an ABI measured. The ABI was obtained in a standard fashion by measuring supine systolic blood pressures of the brachial and ankle (dorsalis pedis and posterior tibialis) arteries with a 5-7 MH z handheld Doppler. U sing the higher value of the ankle and brachial pressures respectively, an ankle=brachial ratio was calculated and considered to be indicative of PAD if less than or equal to 0.9. Prior history of PAD was limited to infrarenal aortic and lower extremity disease. The physical examination and ABI were performed by one of two authors of this study, an internal medicine resident (JT) or a fellow in cardiovascular medicine (TG ), who were both trained in the technique using methods from the PAR TNERS study. 5
Analysis
To compare patient demographics and risk factors for PAD in CAD patients, we used the chi-square or Fisher's exact test for categorical data and the t-test or Mann-Whitney test for continuous data. Logistic regression was then used to model the simultaneous relationships between patient demographics and risk factors and the occurrence of PAD in CAD patients. Statistical analyses were performed using N CSS. 6
Results

Prevalence of reduced ABI and PAD
One hundred patients were recruited for the study. There were 34 women. Thirty-seven patients (15 women) had an abnormal ABI and three patients had an ABI corrected by previous lower extremity revascularization. In all, 40 patients had PAD (25 men, 15 women, F isher's exact, pˆ0.66). The mean ABI in the PAD group who had not had a corrected ABI by revascularization was 0.67 (sd 0.23). The mean ABI in the non-PAD group was 1.11 (sd 0.16).
Demographics and risk factors for synchronous PAD and CAD (Table 1)
The mean age of patients with PAD was 70.1 years, and the patients with PAD were older than those without PAD (62.6 years, pˆ0.003). Although smoking status was similar in both groups, those with PAD had nearly double the pack-years of tobacco use compared with those without PAD (PAD : 42.1 pack years; no PAD: 21.4 pack years, pˆ0.003). In patients with PAD, 42.5% had diabetes mellitus whereas only 18.3% of patients without PAD had diabetes (pˆ0.012). There was a trend towards more CAD patients with PAD having dyslipidemia, or receiving treatment for dyslipidemia (92.5% ) than in those without PAD (76.7% ; pˆ0.055, F isher's exact).
On physical examination, 85% of patients with PAD had an elevated blood pressure or treated hypertension, whereas 61.7% of those without PAD were hypertensive (or on antihypertensive therapy) (pˆ0.013). Body mass index, calculated by dividing the weight in kilograms by the square of the height in meters, was similarly elevated in both groups (no PAD : 27.8 ; PAD: 27.1; pˆ0.46). Patients with PAD were signi cantly more likely to have an abnormal pulse than those without PAD (92.5% vs 67.7% , pˆ0.003). Only 21 patients with PAD (52.5% ) had a previously documented history of PAD .
M odeling the patient demographics and risk factors simultaneously allows some measure of control or adjustment for the multiple relationships with PAD. A logistic regression model was used forcing all variables into the model. The variables of patient age and pack years smoked were the only signi cant predictors of PAD after controlling for all other conditions. The results indicate, for example, that an increase of 10 years in patient age results in patients being 1.72 (CIˆ0.690-1.92) times more likely to have PAD , and that as pack years smoked increases by 10 years, a patient is 1.38 (CIˆ0.787-1.40) times more likely to have PAD.
Discussion
Prevalence of PAD in patients with CAD
Individual variation in the distribution and severity of atherosclerosis may be marked. 7 Various population-based studies have attempted to de ne the overlap between PAD and CAD . The prevalence of CAD in patients with signicant PAD is well de ned, with at least a 60% incidence of signi cant CAD, and nearly all patients with some degree of CAD . 8 The proportion of patients with CAD and PAD is estimated to be between 15% and 40% . 5, 9, 10 H owever, the prevalence of PAD in patients hospitalized with CAD has yet to be adequately de ned. In our study, there was a 40% prevalence of PAD in patients hospitalized with CAD. Given the poor prognosis of patients with CAD and PAD, this nding underscores the importance of identifying these high-risk patients. Although PAD in patients with CAD is common, it is frequently under-diagnosed. Only 52.5% of the patients with PAD had prior documentation of their disease (16 with abnormal ABI and ve with a history of revascularization).
Risk factors for synchronous CAD and PAD
Traditional risk factors for peripheral atherosclerosis have been well de ned. 11, 12 These risk factors include: increasing age, smoking, diabetes and glycemic control, hypertension, brinogen levels, hyperlipidemia, low HD L-C concentrations, LP(a) and, homocysteinemia. Negative risk factors include regular physical activity and moderate alcohol consumption. 1, 11, [13] [14] [15] Reasons for differential anatomic expression of atherosclerosis may involve the interplay between in ammation, shear stresses, ow characteristics, and other local factors. 16, 17 We have shown that synchronous PAD and CAD is common and is likely the result of the systemic impact of atherosclerotic risk factors.
We sought to determine whether certain atherosclerotic risk factors, demographic characteristics, or concomitant diseases were signi cant predictors of diffuse atherosclerosis in the cohort of patients with synchronous PAD and CAD . Our study demonstrated that traditional risk factors for atherosclerotic CAD are common in patients with synchronous PAD and CAD. Patients with PAD and CAD were more likely to be older, have diabetes, a longer smoking history, hypertension, or dyslipidemia.
Ankle-brachial index
Testing for lower extremity PAD is easily done, using the non-invasive ABI measure. The ABI is calculated by dividing the higher of the dorsalis pedis or posterior tibialis artery systolic pressure by the higher of the two brachial pressures using a 5 or 7 mH z handheld Doppler and appropriately sized cuffs. Since ankle pressures are normally greater than 90% of the brachial pressure, an ABI < 0:9 is diagnostic of PAD . 3 An ABI < 0:9 is a surrogate for PAD with up to 95% sensitivity and speci city for the diagnosis of PAD . 7 M easurement of the ABI is a simple procedure and accurately detects PAD. F urthermore, an abnormal ABI is a powerful predictor of future mortality. 5, 8, 19 In all, 40% of our study patients had PAD with either an abnormal ABI or previous revascularization. Beyond the therapeutic and prognostic information of an abnormal ABI, knowledge and lateralization of a low ABI should help guide access sites for invasive cardiovascular procedures. Pre-procedural ABIs may help determine which patients require adjunctive therapy. F urthermore, the presence of PAD and diminished ABIs likely have signi cant implications for cardiac rehabilitation for these patients. Patients with PAD are signi cantly underrepresented in cardiac rehabilitation programs. 20
Physical examination
The physical examination for identi cation of PAD lacks speci city. In our study, the sensitivity of an abnormal pulse was 92.5% whereas the speci city was 33.3% . Other studies have found that the sensitivity and speci city of peripheral pulses depends on whether the posterior tibialis or the dorsalis pedis pulse is used. Criqui et al. found that an abnormal posterior tibialis pulse had a sensitivity and speci city of 71.2% and 91.3% , respectively; the dorsalis pedis pulse was only 50% sensitive and 73.1% speci c. 21
Study limitations and future directions
The aim of this study was to determine the prevalence of PAD in the high-risk cohort of patients hospitalized at a tertiary referral center with CAD. Accordingly, the overall prevalence of synchronous PAD and CAD found in this study may not re ect more stable outpatients or those not at a tertiary care hospital. F urthermore, only resting ABIs were used to identify patients with PAD; exercise ABIs may have identi ed more patients with PAD . Inclusion of other forms of PAD (e.g. carotid artery disease, renal artery disease) may have increased the number of patients identi ed. Evaluation of emerging cardiovascular risk factors, such as C-reactive protein, may have shown a correlation with the degree of systemic atherosclerotic burden. Our study ndings need to be con rmed by larger and multi-center studies.
Conclusion
Hospitalized patients with CAD are at signi cant risk for having synchronous lower extremity PAD. Traditional cardiovascular risk factors are more prevalent in this cohort of patients. Only half of the patients with PAD have a clinical diagnosis of their disease. Screening of CAD patients for PAD with an ABI at the time of hospital admission should be routine.
